Rupture probably occurs after endocardial damage to a thin myocardium that has lost the internal buttress of the subvalvar apparatus. With the rise in intraventricular pressure at the end of bypass blood dissects into the myocardium, resulting in a large haematoma and eventual rupture.
replacemenit of the mitral valve (16 out of 797 operations) than after double valve replacement (one out 236) or mitral valve replacement and coronary artery bypass graft (one out of 70). A total of 1221 mitral valve replacements were performed over this period, with an overall incidence of rupture of 1i47%. Damage to the valve annulus occurred five times. On four occasions haemorrhage followed a vigorous response to a bolus dose of an inotrope. With the exception of these features, it was difficult to define specific risk factors. Eleven patients bled while still in theatre; one of them survived long term and another four lived for four to 10 days. Repair after restarting cardiopulmonary bypass made short term survival much more likely. In seven rupture developed after return to the intensive therapy unit; again only one survived long term. In nearly all cases bleeding was at, or just below, the atrioventricular groove.
Rupture probably occurs after endocardial damage to a thin myocardium that has lost the internal buttress of the subvalvar apparatus. With the rise in intraventricular pressure at the end of bypass blood dissects into the myocardium, resulting in a large haematoma and eventual rupture.
Exsanguinating haemorrhage from the posterior aspect of the left ventricle after replacement of the mitral valve was first described by Roberts and Morrow in 1967.' The bleeding originated either from a tear at the atrioventricular groove in two cases or from the midpoint of the ventricular wall in a third. Treasure et al collected seven cases and described a dissecting haematoma as characteristic of the second type of rupture. 2 Bjork et al formalised this distinction into type I rupture, associated with the atrioventricular groove, and type II, related to the site of insertion of the posterior papillary muscle.3 He described eight cases and reviewed a total of 26 in previously published reports. Cobbs et al introduced the term transverse midventricular disruption and reiterated the important point that a dissecting haematoma may cause death from left ventricular pump failure without going on to rupture. 4 Miller et al argued that dissection in the area between the annular ring and the base of the papillary muscle should be termed type III. Several authors have described a third possible outcome6-8: that of false aneurysm of the left ventricule, when the rupture is contained by adhesions.
Patients at risk are commonly said to be frail, elderly women with the small ventricular cavity and thin myocardium of long standing mitral stenosis who sustain damage to a calcified annulus during excision of the native valve.3 49 10 The rupture or dissection may occur early, with the chest still open, or late, in the intensive therapy unit. We reviewed 18 patients, whose cases were well documented, seen at one centre over six and a half years. There were two long term survivors.
Methods
During the six and a half years reviewed 1221 ( Only four of the 18 patients had pericardial adhesions, which were completely divided by sharp dissection in three cases. The left ventricle was described as small in seven casees and the myocardium as soft, flabby, or thinned in eight. In four of eight patients with a calcified valve calcification extended into the annulus. The subvalvar apparatus was described as shortened or fused in 13. Seven had a repair that permitted return to the intensive therapy unit, and one of these subsequently survived. Four lived for from four to 10 days before succumbing to the effects of low cardiac output. If possible, bypass was restarted and the heart decompressed. If the heparin was reversed and the patient decannulated attempts were made to suture the tear in the beating heart. In most cases repair was attempted from the outside, using pledgetted sutures for small holes or buttresses of strips of Teflon for larger tears. Definite damage to the circumflex coronary artery was recognised at the time in two patients and a saphenous vein graft applied to a distal branch. Both these patients lived for more than a week. The circumflex coronary artery or its branches and also the coronary veins probably suffered damage during unsuccessful attempts at repair. Indeed, both the long term survivors had evidence of perioperative myocardial infarction. Early return to bypass would seem to be an important step in attempting repair, as Dark, Bain ventricle 3 cm from the atrioventricular groove. All three had haematoma surrounding the tear and all had damage to the annulus recognised early in the operation.
Discussion
The incidence of posterior left ventricular rupture is usually said to be 095-2% of all mitral valve replacement operations. Our figure .of 1-47% fell within this range. The complication was commonest in first time mitral valve replacements and in this group was the most important cause of perioperative death. The coexistence of aortic valve disease seemed to have a protective effect, possibly because the thickened or hypertrophied ventricular myocardium was resistant to tearing. Associated ischaemic heart disease was not a risk factor as most patients had normal coronary arteriograms.
In general terms, the patients in our review conformed with the impression given by other series.2-4 9 10 They tended to be frail, elderly women, with predominant mitral stenosis. That three patients were receiving thyroid replacement treatment supports our clinical impression that these patients do badly after surgery. The left ventricle was described as small and the myocardium "poor" in many cases, although these judgements were usually made retrospectively.These features did not, however, separate the patients who sustained rupture in any definite way from the bulk of our patients undergoing mitral valve replacement, who also tended to be women in late middle age. Preoperative risk factors would seem to be general rather than specific and may merely predispose some groups of patients to the possibility of subsequent mishap.
A large number of intraoperative manoeuvres have been blamed for precipitating rupture. Early reports suggested simple mechanical causes, such as excessive resection of the annulus, particularly during second time surgery,3 l or " button holing" of the ventricle during division of papillary muscles.23"
The calcified annulus is especially susceptible to damage.2 '0 It would seem, however, that in none of our patients was there a type II rupture with the implication of damage at the root of the papillary muscle. Only one of our patients had undivided adhesions posteriorly, although many have considered this to be important. with apical venting and the accompanying raising of the heart. In only one case did the surgeon feel that the site of the endocardial tear was related to a heterograft valve strut.
The potentially harmful effects of intraoperative hypertension in this context were first pointed out by Katske et Thus a set of circumstances, none of them unique or specific, can easily be imagined that together might lead to rupture. Detachment of the papillary muscles leaves an area of left ventricular wall relatively unsupported. If the patient is frail and elderly and her mitral valve stenotic the myocardium will be relatively thin already. Operative trauma either at the annulus, or just below, when the fused subvalvar apparatus is divided breaches the endocardium. Alternatively, the tear occurs de novo when intracavitary pressure rises at the end of the bypass. Then, as the heart takes over the circulation, blood is forced into the muscle and the dissection starts. It is more likely to proceed if the heart beats vigorously and develops a high systolic pressure, either due to inotropes or raising of afterload (fig 2) . Cardioplegia and the very flaccid heart may make the initial breach of endocardium more likely, as may the traction required if posterior adhesions are not fully divided.
If this argument is accepted the finding of disruption in the left ventricular wall, even though the haematoma externally is at the atrioventricular groove, is easily explained. The findings illustrated in figure 3 , with a horizontal tear and dissected myocardium below rather than extending from the valve ring, are common. Although most if not all of our cases appear to be of Bjork's type I, it may well be that many should really be described as type III (Miller et Once rupture has occurred attempts to suture the tear by raising the beating heart, particulary if it contains a heterograft valve, will probably just extend the dissection. Table 3 shows the importance of restarting bypass promptly. Sutures should be buttressed with large pledgets or strips of Teflon. In theory, delineation of the dissection inside the heart by removing the valve should permit more accurate repair, but this was not borne out by our results. Celemin et al recently described an intraventricular pericardial patch to cover the ventricular aspect of the tear, apparently with good results. '3 Successful repair, particularly of a tear in the atrioventricular groove, is likely to compromise the circumflex coronary artery. Both the long term survivors from this series had evidence of perioperative infarction. Two patients had bypass grafts to distal branches of the circumflex and both lived for more than a week. This would seem to be an important step if vascular damage is suspected. The intraRupture ofposterior wall of left ventricle after mitral valve replacement aortic balloon pump was used in three patients, including one of the survivors. It facilitates reduction of afterload, and this would theoretically help to maintain the integrity of a repair.
CONCLUSION
Rupture of the wall of the left ventricle would appear to be a rare but unavoidable accompaniment of mitral valve replacement. Factors resulting in a fragile myocardium, together with operative trauma, seem to be important in the aetiology. In particular, the use of bolus doses of inotropes may precipitate an incipient rupture. If a tear occurs bypass should be reinstituted if at all possible and repair performed on a decompressed heart. Bypass grafting to distal branches of the circumflex coronary artery and reduction of afterload with the intra-aortic balloon pump may be helpful.
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